Introduction {#section5-2382120517720428}
============

Physical examination (PE) is a fundamental component of the patient assessment conducted by health professionals. It is taught across the health professions using a variety of formats. Traditional health professions education programs offer all courses and training in-person and, teach PE face-to-face (F2F). With advances in technology, most United States universities provide portions of their curricula online.^[@bibr1-2382120517720428]^ According to the National Center for Education Statistics, close to 5.8 million students are enrolled in online courses at degree-granting institutions, which represents an upward trend in higher education.^[@bibr2-2382120517720428]^ George et al^[@bibr3-2382120517720428]^ conducted a systematic review of knowledge, skills, attitudes and satisfaction of dentistry, medicine, nursing, pharmacy, and physiotherapy students regarding effectiveness of online learning and found that health professions students perceived online learning to be equivalent to traditional teaching styles.^[@bibr3-2382120517720428]^

There are many technologies available for online education and training. One method, which has been shown to be both convenient and affordable, is computer-assisted instruction (CAI).^[@bibr4-2382120517720428][@bibr5-2382120517720428]--[@bibr6-2382120517720428]^ Computer-assisted instruction is defined as the use of interactive CD-ROMs, multimedia software programs, and audio/visuals to augment instruction including multimedia presentations,^[@bibr7-2382120517720428]^ live synchronous virtual sessions offered via a Web-based learning platform, presentations with audio and visuals, and synchronous or asynchronous discussion forums to enhance participation and increase engagement.^[@bibr4-2382120517720428],[@bibr5-2382120517720428],[@bibr7-2382120517720428]^

Although CAI has been shown to be feasible for use to teach PE to health professions students and trainees,^[@bibr8-2382120517720428][@bibr9-2382120517720428][@bibr10-2382120517720428][@bibr11-2382120517720428][@bibr12-2382120517720428][@bibr13-2382120517720428]--[@bibr14-2382120517720428]^ studies reporting its effectiveness are lacking. Systematic reviews have been published that explore the use of CAI in health professions students, but these have not focused on PE.^[@bibr15-2382120517720428][@bibr16-2382120517720428][@bibr17-2382120517720428][@bibr18-2382120517720428][@bibr19-2382120517720428]--[@bibr20-2382120517720428]^ Hence, we found it essential to examine CAI feasibility and effectiveness as an approach to teach PE to students and trainees. This systematic review explored the published research on PE instruction to health professions students and trainees using computer-based or technology-based approaches in comparison with F2F approaches. It sought to determine whether CAI was equal to or superior to F2F instruction for PE of health professions students and trainees.

Using CAI to provide students and trainees with education and training on PE has many potential benefits. With the increased use of technology in academia, CAI integrates innovative methods of teaching using a consistent approach.^[@bibr20-2382120517720428][@bibr21-2382120517720428][@bibr22-2382120517720428]--[@bibr23-2382120517720428]^ It allows for added flexibility to accommodate work and school schedules, eliminates the need to travel, which equates to cost savings, and is accessible from any location. Computer-assisted instruction provides the learner with a consistent, reproducible, standardized teaching experience.^[@bibr20-2382120517720428],[@bibr21-2382120517720428]^ It is conducted at the learner's convenience, at their pace, and allows for unlimited access and repeated views. When the learning is distributed over time and occurs at the preferred pace of the learner, the repetition of skill practice has been shown to enhance skill acquisition.^[@bibr24-2382120517720428]^

Computer-assisted instruction has possible disadvantages as well. Unlike F2F lectures, the learner has a higher level of responsibility for their own learning; thus, more independence is needed. Computer-assisted instruction requires learners to practice time management and self-motivated with the ability to self-learn.^[@bibr25-2382120517720428]^ Clarification of concepts that are not well-understood may not always occur immediately, as in F2F instruction.^[@bibr26-2382120517720428]^ The capacity to monitor student examinations and assessments is not as well-controlled as in F2F, which may result in increased cheating in some students.^[@bibr25-2382120517720428]^ Perhaps with CAI cheating may be easier unless student assessment processes are designed to minimize potential for cheating.

Our research question was, "How effective is the use of CAI to teach PE among students and trainees in the health sciences professions in comparison with F2F teaching of this topic without CAI in improving knowledge and skill acquisition?" The primary objective was to explore knowledge and skill acquisition outcomes related to learning PE through a computer-assisted approach as opposed to a F2F approach.

Methods {#section6-2382120517720428}
=======

A protocol^[@bibr27-2382120517720428]^ was developed in accordance with the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P)^[@bibr28-2382120517720428]^ and published on PROSPERO, an international prospective register for systematic reviews.^[@bibr29-2382120517720428]^

Study eligibility criteria {#section7-2382120517720428}
--------------------------

Only studies that explored the use of CAI to teach PE using virtual learning environments were included in this review. Studies were included if participants consisted of health professions students at the baccalaureate level or higher or trainees such as interns, residents, or fellows. Physical examination can be executed differently across the health professions. Therefore, a full head-to-toe PE or any component of the examination was eligible for study inclusion. No exclusion constraints were placed on the CAI in accordance with the duration of the intervention or overall time required for completion of the CAI. A F2F comparison group was necessary to be considered for inclusion. If studies included additional arms such as blended learning groups, the study was still eligible for inclusion, but only data comparing CAI vs F2F instruction were used in the analysis.

Studies were excluded if the design was a systematic review or used a qualitative method. Additional exclusion criteria included lack of a focus on PE, lack of a comparison group, and absence of evaluation of knowledge or skill acquisition outcomes, and inclusion of health care professionals.

Outcome measures {#section8-2382120517720428}
----------------

Primary outcome measures were the final evaluation of knowledge and/or skill acquisition scores. Studies objectively measured knowledge by administering short-answer or multiple choice questions (MCQ), exams and skills by objective structured clinical exams (OSCEs), or rubrics administered by trained faculty.

Search strategy {#section9-2382120517720428}
---------------

An initial limited search of Medline (Ovid) and CINAHL (Ebsco) was undertaken followed by analysis of the text words contained in the title and abstract and of the index terms used to describe the article. Studies published in English between January 2001and December 2016 were considered for inclusion to highlight technological advancements in online education. Information relevant to the inclusion criteria was imported to a bibliographic software package, EndNote X7.

### Electronic search of databases {#section10-2382120517720428}

Before the search process began, a concept map ([Supplementary Appendix 1](http://journals.sagepub.com/doi/suppl/10.1177/2382120517720428)) was created to generate terms for the search process. After examining relevant articles retrieved from the initial search, keywords were adapted and developed to form the basis of the final search strategy ([Supplementary Appendix 2](http://journals.sagepub.com/doi/suppl/10.1177/2382120517720428)). Certain key terms were incompatible with the controlled vocabulary of certain databases. This was controlled through the use of equivalent MeSH searches. Boolean terms such as "OR" and "AND" were used to broaden and refine the search strategy. The combination of keywords that related to CAI, health profession students, assessment, and physical exam skills yielded a limited number of papers. Therefore, the search strategy was reevaluated and expanded to include keywords in relation to health care students and clinical assessments.

### Searching for gray literature or unpublished articles {#section11-2382120517720428}

The search of unpublished literature included doctoral dissertations, conference proceedings, and related Web sites. The reference lists of relevant studies were handsearched. A list of sources searched for gray literature is included in [Supplementary Appendix 3](http://journals.sagepub.com/doi/suppl/10.1177/2382120517720428).

### Data selection and extraction {#section12-2382120517720428}

Titles and abstracts were independently screened by 2 review authors. Full-text reviews of the remaining articles were conducted and independently evaluated to determine eligibility for inclusion. In cases where the 2 review authors were not in agreement, a third author was available for discussion to achieve a group consensus. Two review authors independently performed data extraction^[@bibr30-2382120517720428]^ ([Supplementary Appendix 4](http://journals.sagepub.com/doi/suppl/10.1177/2382120517720428)).

Risk of bias assessment {#section13-2382120517720428}
-----------------------

During the data extraction process, researchers independently assessed the risk of bias (ROB) for each study using the Cochrane Collaboration's ROB tool.^[@bibr30-2382120517720428]^ Evaluation criteria included the following: random sequence generation, allocation concealment, blinding of students and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, or others which included publication bias. Funnel plots were used to evaluate publication bias. Risk of bias for each criterion was rated as low, high, or unclear according to the Cochrane ROB instructions. No overall within study ROB was assigned. Although a subanalysis of effects based on ROB criteria was planned, this was not possible due to the limited number of studies providing data sufficient for meta-analysis.

Data synthesis and analysis {#section14-2382120517720428}
---------------------------

All studies were synthesized according to study design, CAI intervention, and outcome measures. Individual data from each study was input into OpenMeta\[Analyst\] for statistical analysis^[@bibr31-2382120517720428]^ and confidence intervals (CIs) for the heterogeneity statistic (*I*^2^) were computed in Stata 14.^[@bibr32-2382120517720428]^ For continuous outcomes data, a pooled mean difference (MD) using the DerSimonian-Laird random-effects model for meta-analysis was calculated for each outcome. In studies that did not report data using a 100% scale, all knowledge and skill scores were standardized to a 1 to 100 point (100%) scale.^[@bibr8-2382120517720428],[@bibr9-2382120517720428],[@bibr33-2382120517720428]^ Separate analyses were conducted for knowledge and skill acquisition. For crossover designs, data were analyzed post-CAI prior to the crossover only. In studies that evaluated outcomes separately, data were aggregated to determine a mean and standard deviation on PE outcomes only.^[@bibr33-2382120517720428]^ Differences were considered significant at *P* \< .05. The degree of heterogeneity was assessed using the *I*^2^ statistic. *I*^2^ values were evaluated as 0% to 40% low, 30% to 60% moderate, 50% to 90% substantial, and 75% to 100% considerable variation.^[@bibr30-2382120517720428]^ Because CAI length exposure varied between studies, an a priori hypothesis was formulated to assess whether the outcome effect was influenced by the length of CAI exposure. Differences were considered significant at *P* \< .05. If unable to calculate an effect size using the reported data, additional information was requested from study authors. Results of included studies that could not be combined in the meta-analyses are narratively synthesized with respect to the meta-analysis results.

Grade and quality of evidence {#section15-2382120517720428}
-----------------------------

The Grades of Recommendation, Assessment, Development, and Evaluation (GRADE) approach was used to create a quality of evidence assessment table for studies included in the meta-analysis.^[@bibr34-2382120517720428]^ Outcomes included knowledge and skills. Overall quality of evidence for each outcome was downgraded 1 level for serious and 2 levels for very serious assessments.

Results {#section16-2382120517720428}
=======

The systematic search of the literature identified 714 references, and 26 additional records, of which 422 were maintained after removal of duplicates ([Figure 1](#fig1-2382120517720428){ref-type="fig"}). Following completion of title and abstract screening, 404 records were excluded, which resulted in 18 articles for full-text review. Of those 18 articles, 11 were excluded due to an absence of a F2F comparison group, study designs exclusive to blended learning, no virtual learning platform, or the CAI focus was not PE. This resulted in 7 studies that met inclusion criteria in this systematic review.

![Flowchart of the studies included in the systematic review and meta-analysis.](10.1177_2382120517720428-fig1){#fig1-2382120517720428}

Included studies {#section17-2382120517720428}
----------------

The studies comprised in this systematic review were published between 2004 and 2014 in peer-reviewed journals.^[@bibr8-2382120517720428][@bibr9-2382120517720428]--[@bibr10-2382120517720428],[@bibr22-2382120517720428],[@bibr33-2382120517720428],[@bibr35-2382120517720428],[@bibr36-2382120517720428]^ Of these, 3 investigated CAI with medical,^[@bibr9-2382120517720428],[@bibr35-2382120517720428],[@bibr36-2382120517720428]^ 2 with dental (orthodontic),^[@bibr8-2382120517720428],[@bibr10-2382120517720428]^ and 2 with physical therapy students.^[@bibr21-2382120517720428],[@bibr33-2382120517720428]^ In total, 6 of the 7 studies addressed skill acquisition^[@bibr8-2382120517720428],[@bibr9-2382120517720428],[@bibr22-2382120517720428],[@bibr33-2382120517720428],[@bibr35-2382120517720428],[@bibr36-2382120517720428]^ and 5 knowledge assessment.^[@bibr9-2382120517720428],[@bibr10-2382120517720428],[@bibr22-2382120517720428],[@bibr35-2382120517720428],[@bibr36-2382120517720428]^ Study characteristics are described in [Table 1](#table1-2382120517720428){ref-type="table"}.

###### 

Study characteristics: the effectiveness of computer-assisted instruction to teach PE in health professions students/trainees.

![](10.1177_2382120517720428-table1)

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Citation                                                                                             Country          Study design                   Population                                    CAI                                                                                                                  Comparison                                                                                                                               Assessment                                                                                     Outcomes
  ---------------------------------------------------------------------------------------------------- ---------------- ------------------------------ --------------------------------------------- -------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------
  van Duijin et al^[@bibr33-2382120517720428],[a](#table-fn2-2382120517720428){ref-type="table-fn"}^   United States    Single blind\                  53 physical therapy graduate students         Psychomotor examination of the cervical region housed in Angel. Unlimited access for 2 d                             F2F 1-h laboratory sessions. Each skill is demonstrated twice                                                                            6-section OSCE 2 d postintervention                                                            No differences in skill (*P* = .09) or knowledge (*P* = .31). CAI is equally effective as F2F for knowledge and skills
                                                                                                                        Crossover\                                                                                                                                                                                                                                                                                                                                                                                                                                
                                                                                                                        Experimental\                                                                                                                                                                                                                                                                                                                                                                                                                             
                                                                                                                        Cohort                                                                                                                                                                                                                                                                                                                                                                                                                                    

  Bains et al^[@bibr10-2382120517720428],[b](#table-fn3-2382120517720428){ref-type="table-fn"}^        United Kingdom   Prospective\                   90 fourth year orthodontic students           Basic cephalometric examination housed in WebCT version 3.8\                                                         45-min F2F session                                                                                                                       10 MCQ immediately postintervention                                                            Students in CAI answered 4 MCQ statistically less (*P* \< .05) in person. CAI may be less effective than in person for knowledge
                                                                                                                        Cluster\                                                                     45-min e-learning videos                                                                                                                                                                                                                                                                                                                                     
                                                                                                                        Randomized design                                                                                                                                                                                                                                                                                                                                                                                                                         

  Al-Riyami et al^[@bibr8-2382120517720428],\*^                                                        United Kingdom   Crossover trial                30 orthodontic graduate students              TMJ module developed for Moodle\                                                                                     50-min F2F seminar, with 20-min practical demonstrations. Handouts also provided                                                         4-section skills checklist occurred 3 wk postinstruction                                       No differences (*P* = .78) in skill acquisition. CAI is equally effective for skills
                                                                                                                                                                                                     Available for 2 wk                                                                                                                                                                                                                                                                                                                                           

  Averns et al^[@bibr9-2382120517720428]^                                                              Canada           Randomized blinded design      61 first year medical students                Nonemergency rheumatological hand conditions Web-based module with unlimited access to materials for 7 d             F2F session using demonstrations and power points with photos. (Same as online content.) Ability to practice the PE live on each other   28-point OSCE and 10-point short-answer exam occurred 7 d postintervention                     No differences (*P* = .31) in skill acquisition. Average total knowledge scores higher than in person (*P* = .04). CAI is equally effective for knowledge and skills

  Ford et al^[@bibr22-2382120517720428]^                                                               United States    Prospective\                   43 first semester physical therapy students   Musculoskeletal special tests housed in Windows Media Player. A 25-min intervention viewable twice                   25-min F2F session\                                                                                                                      8-section practical exam and 20 MCQ and short-answer exam occurred same day postintervention   All groups demonstrated significant increases in learning (*P* \< .0001)\
                                                                                                                        Cluster\                                                                                                                                                                                          Handouts also provided                                                                                                                                                                                                                  CAI is equally effective for knowledge and skills
                                                                                                                        Randomized stratified design                                                                                                                                                                                                                                                                                                                                                                                                              

  Qayumi et al^[@bibr35-2382120517720428],[b](#table-fn3-2382120517720428){ref-type="table-fn"}^       Japan            Randomly assigned\             99 preclinical medical students               Abdominal examination module, *Cyberpatient*. Interactive history and PE via an online tutorial. Time limit of 4 h   F2F text module of *Cyberpatient*. Included history and PE. Time limit of 4 h                                                            5 OSCE clinical skill test and 40 MCQ occurred on the same day as the intervention             Significant improvements in knowledge in CAI group (*P* \< .01). No differences in skill acquisition. CAI is more effective than in person to increase knowledge
                                                                                                                        Pretest post-test design                                                                                                                                                                                                                                                                                                                                                                                                                  

  Kurihara et al^[@bibr36-2382120517720428]^                                                           Japan            Randomly assigned\             60 preclinical third year medical students    Abdominal examination module, *Cyberpatient*. Interactive history and PE via an online tutorial. Time limit of 4 h   F2F text module of *Cyberpatient*. Included history and PE. Time limit of 4 h                                                            5 OSCE clinical skill test and 32 MCQ occurred on the same day as the intervention             Significant improvements in knowledge and skill acquisition in both CAI and F2F groups (*P* \< .001)
                                                                                                                        Pretest post-test design                                                                                                                                                                                                                                                                                                                                                                                                                  
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviations: CAI, computer-assisted instruction; F2F, face-to-face; MCQ, multiple choice questions; PE, physical examination; OSCE, objective skills competency examination.

Data from studies with crossover designs or blended learning are representative of pre-F2F intervention data included in meta-analysis.

Not included in meta-analysis. α level (^a^ *P* = .05).

### Study characteristics {#section18-2382120517720428}

Across the 7 studies, there was a total of 436 combined students: 220 medical,^[@bibr9-2382120517720428],[@bibr35-2382120517720428],[@bibr36-2382120517720428]^ 120 orthodontic,^[@bibr8-2382120517720428],[@bibr10-2382120517720428]^ and 96 physical therapy students.^[@bibr21-2382120517720428],[@bibr33-2382120517720428]^ A total of 275 students were included in the 5 papers in the meta-analysis: 148 medical, 30 orthodontic, and 97 physical therapy students. Study populations ranged from 30 to 99 students, with comparable samples for CAI and F2F comparison groups. Students across studies had no formal training in PE, and study samples were at the same point in their curriculum. Of the 7 studies that compared CAI with F2F teaching methods, 2 also made comparisons with blending learning, but these data were not used for analysis. Studies were conducted at universities in Canada,^[@bibr9-2382120517720428]^ Japan,^[@bibr35-2382120517720428],[@bibr36-2382120517720428]^ United Kingdom,^[@bibr8-2382120517720428],[@bibr10-2382120517720428]^ and the United States.^[@bibr21-2382120517720428],[@bibr33-2382120517720428]^

### Risk of bias {#section19-2382120517720428}

All studies had one or more areas considered to have an unclear ROB ([Figure 2](#fig2-2382120517720428){ref-type="fig"}).^[@bibr8-2382120517720428][@bibr9-2382120517720428]--[@bibr10-2382120517720428],[@bibr22-2382120517720428],[@bibr33-2382120517720428],[@bibr35-2382120517720428],[@bibr36-2382120517720428]^ Students were randomized in all studies. Random sequence generation was classified as an area for high ROB by Ford et al,^[@bibr22-2382120517720428]^ they performed stratified random sampling based on exam scores from a previous semester. Incomplete outcomes data were considered a high ROB in Averns et al^[@bibr9-2382120517720428]^ and Bains et al.^[@bibr10-2382120517720428]^ Considering that CAI and F2F have distinct features, once initiated, the intervention may become obvious to the participants. Blinding was considered to be a high ROB in 5 studies because the outcome was likely influenced by the lack of blinding.^[@bibr8-2382120517720428][@bibr9-2382120517720428]--[@bibr10-2382120517720428],[@bibr22-2382120517720428],[@bibr33-2382120517720428]^ Regarding publication bias, there were too few studies to conduct a formal test of plot symmetry.^[@bibr30-2382120517720428]^ Visual examination of the plots ([Figures 3](#fig3-2382120517720428){ref-type="fig"} and [4](#fig4-2382120517720428){ref-type="fig"}) does not suggest any obvious asymmetry. The reader is cautioned, however, that this does not rule out publication bias; although without more information, it is difficult to determine how systematic publication bias could affect the results.

![Risk of bias assessment for studies included in the systematic review.](10.1177_2382120517720428-fig2){#fig2-2382120517720428}

![Knowledge outcomes funnel plot.](10.1177_2382120517720428-fig3){#fig3-2382120517720428}

![Skill acquisition outcomes funnel plot.](10.1177_2382120517720428-fig4){#fig4-2382120517720428}

### Intervention characteristics {#section20-2382120517720428}

The CAI consisted of Web-based modules with detailed instruction on exam conduct and assessment housed in digital learning platforms in 3 studies.^[@bibr8-2382120517720428],[@bibr9-2382120517720428],[@bibr22-2382120517720428]^ Computer-assisted instruction of Bains et al^[@bibr10-2382120517720428]^ was an e-learning video tutorial housed in WebCT. Windows Media Player^[@bibr37-2382120517720428]^ was used to provide an educational video as the CAI on musculoskeletal special tests and exams.^[@bibr21-2382120517720428]^ *Cyberpatient*, an interactive history and physical module with a focus on abdominal examination, was used as the CAI for Qayumi et al^[@bibr35-2382120517720428]^ and Kurihara et al.^[@bibr36-2382120517720428]^ The duration, frequency, and time to administer the CAI varied across the studies in this systematic review. Duration of the CAI ranged from 25 minutes up to 2 weeks, frequency ranged from twice to unlimited access, and assessment measures ranged from the same day to 3 weeks postintervention.

Meta-analysis on primary outcomes measures {#section21-2382120517720428}
------------------------------------------

Meta-analysis was conducted separately on final knowledge and skill acquisition outcomes. In total, 5 of the 7 studies reported knowledge outcomes^[@bibr9-2382120517720428],[@bibr10-2382120517720428],[@bibr21-2382120517720428],[@bibr35-2382120517720428],[@bibr36-2382120517720428]^; however, the remaining 2 did not include mean values or standard deviations and thus were not included in the meta-analysis.^[@bibr10-2382120517720428],[@bibr35-2382120517720428]^ In total, 6 of the 7 studies^[@bibr8-2382120517720428],[@bibr9-2382120517720428],[@bibr22-2382120517720428],[@bibr33-2382120517720428],[@bibr35-2382120517720428],[@bibr36-2382120517720428]^ reported skill acquisition outcomes, but 1 of these 6^[@bibr32-2382120517720428]^ only included mean change scores, and, we did not have an estimate of the standard deviation of the mean, therefore was not included in the meta-analysis. A meta-analysis was conducted with 3 studies^[@bibr9-2382120517720428],[@bibr22-2382120517720428],[@bibr36-2382120517720428]^ for knowledge outcomes and 5 studies for skills outcomes.^[@bibr8-2382120517720428],[@bibr9-2382120517720428],[@bibr22-2382120517720428],[@bibr33-2382120517720428],[@bibr36-2382120517720428]^

### Knowledge outcomes {#section22-2382120517720428}

Ford et al,^[@bibr22-2382120517720428]^ Averns et al,^[@bibr9-2382120517720428]^ and Kurihara et al^[@bibr36-2382120517720428]^ were included in the meta-analysis on knowledge outcomes. Because only 3 of the included studies reported change in knowledge and skills over the course of the instruction, only the final standards-based scores were available for analysis. Knowledge of PE was evaluated by short-answer questions or MCQ exams and was reported on a 10-point scale (converted to 100% scale for meta-analysis). Among the studies, knowledge questions ranged from 10 to 40 MCQ or short-answer questions.^[@bibr9-2382120517720428][@bibr10-2382120517720428][@bibr11-2382120517720428][@bibr12-2382120517720428][@bibr13-2382120517720428][@bibr14-2382120517720428][@bibr15-2382120517720428][@bibr16-2382120517720428][@bibr17-2382120517720428][@bibr18-2382120517720428][@bibr19-2382120517720428][@bibr20-2382120517720428][@bibr21-2382120517720428]--[@bibr22-2382120517720428],[@bibr36-2382120517720428]^ No statistically significant difference was found between CAI and F2F instructions (MD = 5.39, 95% CI: −2.05 to 12.84; the positive value indicated preference for CAI) ([Table 2](#table2-2382120517720428){ref-type="table"}, [Figure 5](#fig5-2382120517720428){ref-type="fig"}). However, the reader is cautioned regarding the interpretation of the finding of no difference for 3 reasons. First, the number of studies is very limited, and so, a failure to find a statistically significant difference is likely the result of a lack of power. Second, the direction of effect was not consistent. This could indicate that systematic differences in the design of the arms or in the context of application could affect the preference for either CAI or F2F in any particular setting or study. Third, heterogeneity was high for knowledge (*I*^2^ index = 87.06%, 95% CI: 49%-94%, *P* \< .001). This also lends support to the notion that a preference for CAI versus F2F may depend on arm design and context characteristics and point to the importance of an examination of these characteristics. Meta-regressions were not conducted to analyze the effect of length of CAI exposure on participant's knowledge and skill acquisition outcomes due to inadequate power.

###### 

Results of meta-analysis of computer-assisted instruction studies on knowledge and skill outcomes.

![](10.1177_2382120517720428-table2)

  Outcome                                 Year   Weight   Effect   LCI      UCI      CAI   F2F
  --------------------------------------- ------ -------- -------- -------- -------- ----- -----
  Knowledge                                                                                
   Averns                                 2009   36.62    10.00    6.80     12.33    26    18
   Ford                                   2005   34.64    −0.80    −5.14    3.54     11    11
   Kurihara                               2004   28.74    7.00     −0.19    14.19    15    15
  Overall (*I*^2^ = 87.06%, *P* ⩽ .001)                   5.39     −2.05    12.84    52    44
  Skills                                                                                   
   van Duijin                             2014   34.88    −4.18    −8.28    −.0.08   27    26
   Al-Riyami                              2010   12.09    −1.48    −15.25   12.29    15    15
   Averns                                 2009   22.68    4.20     −03.93   12.33    26    18
   Ford                                   2005   15.44    −3.90    −15.40   7.60     11    11
   Kurihara                               2004   14.91    11       −0.81    22.81    15    15
  Overall (*I*^2^ = 49.98%, *P* = .092)                   −2.24    −6.11    1.63     94    85

Abbreviations: CAI, computer-assisted instruction; F2F, face-to-face; LCI, lower confidence interval; UCI, upper confidence interval.

![Effect of computer-assisted instruction on knowledge outcomes.](10.1177_2382120517720428-fig5){#fig5-2382120517720428}

In the 2 studies excluded from the meta-analysis, contrasting results were found,^[@bibr10-2382120517720428],[@bibr35-2382120517720428]^ which were similar to Averns et al^[@bibr9-2382120517720428]^ and Ford et al.^[@bibr22-2382120517720428]^ Bains et al found CAI to be a less effective instructional method for knowledge outcomes (*P* \< .05) in comparison with F2F instruction for 4 of 10 MCQ. In contrast, Qayumi et al^[@bibr35-2382120517720428]^ found significant improvements in total knowledge scores from pre- to post-test on 40 MCQ in the CAI group (*P* \< .01) as compared with in-person group. The results of the meta-analysis (which amount to less than 5% difference in knowledge scores between the CAI and in-person conditions) along with the split between studies in which conditions had the largest effect likely point to the highly localized nature of the comparison. Factors such as instructor skill, quality of the curriculum, quality of the CAI design, and the potential differences based on amount of time allowed to interact with the material may all indicate that there is no universal difference between modalities.

### Skill acquisition outcomes {#section23-2382120517720428}

Al-Riyami et al,^[@bibr8-2382120517720428]^ Averns et al,^[@bibr9-2382120517720428]^ Ford et al,^[@bibr22-2382120517720428]^ van Duijin et al,^[@bibr33-2382120517720428]^ and Kurihara et al^[@bibr36-2382120517720428]^ were included for skill acquisition outcomes.^[@bibr30-2382120517720428]^ Assessment of skill performance varied; Al-Riyami et al^[@bibr8-2382120517720428]^ used a 4-section skills checklist, whereas Ford et al^[@bibr22-2382120517720428]^ used a comparable 8-section practical exam. In the remaining 3 studies, a 5-section, 6-section, and 28-point OSCEs were administered.^[@bibr9-2382120517720428],[@bibr33-2382120517720428],[@bibr36-2382120517720428]^ There was no statistically significant difference between CAI and F2F instructions (MD = 0.35, 95% CI: −5.30 to 6.01; the negative favoring the F2F group) ([Table 2](#table2-2382120517720428){ref-type="table"}, [Figure 6](#fig6-2382120517720428){ref-type="fig"}), though, as with the knowledge outcomes, direction of effect was inconsistent among studies. The point estimate for heterogeneity was moderate (*I*^2^ index = 49.98%, 95% CI: 0%-83%, *P* = .092), but the CI for the heterogeneity was very wide, again, and indicated a potentially strong effect of intervention design and context characteristics.

![Effect of computer-assisted instruction on skill acquisition outcomes.](10.1177_2382120517720428-fig6){#fig6-2382120517720428}

Qayumi et al,^[@bibr35-2382120517720428]^ 1 of the 2 studies excluded from the meta-analysis, used a 5-section OSCE and found no significant differences in skill acquisition between the CAI and F2F groups. However, mean OSCE change scores were higher for CAI (8.74 [+]{.ul} 2.60) than F2F (6.98 [+]{.ul} 2.93). This finding was similar to Averns et al (small, nonsignificant findings in favor of the CAI group) but contrasts with both Ford et al and Al-Riyami et al (both reporting small, nonsignificant differences favoring the in-person group). Only van Duijin et al reported a 4.2% statistically significant difference favoring the F2F group. As with the knowledge outcome, the small (all within ±5% of each other), inconsistent difference between groups likely indicates a sensitivity to local differences in instructor skills and the design of the 2 interventions. Again, there is no evidence for a strong, consistent preference for one approach over the other.

Discussion {#section24-2382120517720428}
==========

Summary of results {#section25-2382120517720428}
------------------

This systematic review and meta-analysis analyzed the effectiveness of CAI in comparison with F2F instruction to teach PE to health professions students and trainees. Seven studies met the inclusion criteria for this review^[@bibr8-2382120517720428][@bibr9-2382120517720428]--[@bibr10-2382120517720428],[@bibr22-2382120517720428],[@bibr33-2382120517720428],[@bibr35-2382120517720428],[@bibr36-2382120517720428]^ ([Table 1](#table1-2382120517720428){ref-type="table"}). Meta-analysis was conducted for knowledge and acquisition of skills in 5 of the studies which included students in dentistry, medicine, and physical therapy.^[@bibr8-2382120517720428][@bibr9-2382120517720428]--[@bibr10-2382120517720428],[@bibr22-2382120517720428],[@bibr33-2382120517720428],[@bibr36-2382120517720428]^ No statistically significant differences were found in knowledge or skill acquisition outcomes related to learning PE through a CAI approach as opposed to a F2F approach. This finding must be interpreted with caution. The results are inconclusive regarding a preference for one mode or another. However, our further analyses lead us to suspect that a more nuanced interpretation is needed. In itself, a small sample size only indicates that the meta-analytic findings were likely underpowered. The lack of significance does not tell us whether future comparisons are likely to find a clear statistically significant preference for one mode of instruction over the other. Indeed, based on an examination of (1) the inconsistency of the effects between studies and (2) the high levels of heterogeneity among studies, we suspect that it may be adverse to simply ask whether there is a difference in knowledge or skill acquisition effect between the approaches. Rather, given the weak evidence of inconsistent effects, and high heterogeneity, we believe that a comparative approach that focuses strongly on differences in study and intervention design, sample characteristics, and context or setting characteristics is needed to more fully understand when, for whom, and under what conditions one mode may outperform the other. Because of the limited number of studies available, we could only suggest this type of approach, given the small number of studies available and therefore the low statistical power for meta-analyses. However, the combination of low heterogeneity for both analyses, in addition to the small (±5%), inconsistent direction of effect leads us to conjecture that even had power been greater, and it is unlikely that we would have found a strong, consistent preference for one teaching modality. In short, there is unlikely to be a single universal preference for one method of instruction over the other.

Of those studies which assessed knowledge outcomes, CAI was found to be equally effective as F2F teaching methods and was slightly favored in comparison with F2F instruction.^[@bibr9-2382120517720428],[@bibr22-2382120517720428]^ The effectiveness of CAI varied in the 2 studies not included in the meta-analysis. Bains et al^[@bibr10-2382120517720428]^ found that CAI may be less effective than F2F instruction because the F2F group scored statistically higher (*P* \< .05) than the CAI group on 4 questions (out of 10 MCQ). However, limits were placed on the CAI tutorials, which removed the flexibility of the intervention and which may have negatively affected the results for this arm. Providing materials that are not dependent on time and do not have restrictions to access or space can promote student responsibility and motivation for learning.^[@bibr38-2382120517720428],[@bibr39-2382120517720428]^ In contrast, Qayumi et al^[@bibr35-2382120517720428]^ found that CAI significantly (*P* \< .01) improved knowledge in comparison with traditional learning methods in medical students learning abdominal PE. The investigators encouraged medical students to use the CAI, which may have resulted in the increase in knowledge scores. The design of the CAI curriculum likely has a strong impact on its effectiveness relative to a F2F condition.

Although no differences resulted favoring the effectiveness of F2F instruction versus CAI as teaching methods for knowledge outcomes, there were important methodological and educational design variations between the interventions in each study. Knowledge evaluation was conducted using a varying number of MCQ and short-answer questions per assessment. Similarly, this varying quantity of exam categories also existed among the OSCEs and scoring rubrics for the skill acquisition assessment. Although not statistically significant, there were variations in assessment of skills among disciplines which makes it difficult to generalize the results.

All of the studies had variations in CAI intervention duration, frequency of CAI access, and times until assessment. Ford et al initially assessed knowledge the same day as the intervention and retention 3 weeks post-CAI. Although scores were lower, no significant decreases occurred from immediately post to 3 weeks post-CAI.^[@bibr22-2382120517720428]^ van Duijin et al evaluated knowledge 2 days postintervention. There are no published guidelines on the appropriate time to test knowledge, skill, or even retention after a technology-based intervention.

The use of CAI as an instructional method may be perceived negatively by some students and impact outcomes. The sample of students of Al-Riyami et al reported difficulties accessing the course due to network difficulties with the university's server such as browser compatibility and Internet band with problems.^[@bibr8-2382120517720428]^ The asynchronous features of the discussion boards were not used to the full potential of the course in this study. Both of these problems could have emerged regardless of the online course. In traditional classrooms, students could choose not to engage in discussions, and Internet connectivity issues can happen anywhere. This supports the contention above that local conditions, rather than a general effect, may render one or the other mode of instruction preferable to the other.

Achievement levels and acceptance of CAI can affect student outcomes. Student acceptance of CAI was assessed through student feedback in 4 studies.^[@bibr8-2382120517720428],[@bibr10-2382120517720428],[@bibr35-2382120517720428],[@bibr36-2382120517720428]^ Students provided ratings using Likert scales in 2 studies.^[@bibr8-2382120517720428],[@bibr10-2382120517720428]^ Type of student performer was evaluated by Qayumi et al^[@bibr35-2382120517720428]^ and Kurihara et al^[@bibr36-2382120517720428]^ to determine whether achievement levels affected knowledge or skill acquisition. Qayumi^[@bibr35-2382120517720428]^ found that medium achieving students in the CAI group had significantly higher change scores for both knowledge and skill acquisition in comparison with low- or high-achieving students. In contrast, Kurihara et al^[@bibr36-2382120517720428]^ found that low-achieving students performed better with CAI, specifically with the skills assessment. Determining the type of learner or achiever, a student can better prepare faculty on CAI techniques to educate students. Bains et al^[@bibr10-2382120517720428]^ found that students preferred F2F or blending learning teaching methods over CAI, which may have negatively affected knowledge outcomes. Students in the study of Bains et al perceived CAI as a supplemental addition to F2F learning and not the core component of their education. Contrastingly, students in the study of Averns et al^[@bibr9-2382120517720428]^ felt that the online CAI was very comparable with traditional methods and found the online modules practical and easier to use and to navigate. Averns et al^[@bibr9-2382120517720428]^ also stated that the students' scores may have been positively affected due to the planned knowledge of the clinical skills assessment and the desire for high achievement.

### Quality of evidence {#section26-2382120517720428}

Quality and reporting of the 7 randomized studies included in this review was assessed according to the GRADE criteria.^[@bibr34-2382120517720428]^ The quality of the evidence was low for CAI in comparison with F2F instruction for teaching PE for both knowledge and skill acquisition outcomes ([Table 3](#table3-2382120517720428){ref-type="table"}). Positive criteria in the quality assessment included randomized study designs and overall low ROB. Limitations noted were due to small sample sizes and wide CIs. However, the inconsistency of the findings may point to high local sensitivity and the possibility that preference for CAI or F2F is dependent on the study characteristics and local conditions.

###### 

Quality of evidence assessment: the effectiveness of computer-assisted instruction in comparison with face-to-face instruction.

![](10.1177_2382120517720428-table3)

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Quality assessment   Effect              Quality                                                                                                                                                                                                               
  -------------------- ------------------- ---------------------------------------------------------------- ------------- ------------- ---------------------------------------------------------------- ---- ---- --------------------------------------------- -------
  Knowledge\           Randomized trials   Serious^[a](#table-fn6-2382120517720428){ref-type="table-fn"}^   Not serious   Not serious   Serious^[a](#table-fn6-2382120517720428){ref-type="table-fn"}^   52   44   MD 5.39 higher (2.05 lower to 12.84 higher)   ⨁⨁⃝⃝\
  3                                                                                                                                                                                                                                                              Low

  Skills\              Randomized trials   Serious^[a](#table-fn6-2382120517720428){ref-type="table-fn"}^   Not serious   Not serious   Serious^[a](#table-fn6-2382120517720428){ref-type="table-fn"}^   94   85   MD 0.35 higher (5.30 lower to 6.01 higher)    ⨁⨁⃝⃝\
  5                                                                                                                                                                                                                                                              Low
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviations: CAI, computer-assisted instruction; CI, confidence interval; F2F, face-to-face instruction; MD, mean difference.

Small sample size and wide confidence intervals.

### Strengths and limitations {#section27-2382120517720428}

This study has several strengths. The review was based on an in-depth search of the literature following the PRISMA-P guidelines.^[@bibr28-2382120517720428]^ A protocol was developed, published, and followed prior to the literature search.^[@bibr27-2382120517720428]^ Two reviewers screened and extracted the data to ensure data quality and avoid subjective bias. Randomization occurred in all of the studies. Because the number of studies that met the inclusion criteria was limited, this study attempted to combine all health professions into one review. Much of the literature on PE is by individual health profession, and this review includes several professions.^[@bibr18-2382120517720428],[@bibr19-2382120517720428],[@bibr40-2382120517720428]^ Finally, this is the first published systematic review to our knowledge to evaluate the effectiveness of CAI in comparison with F2F instructional methods of PE for health professions students and/or trainees.

This review also had limitations. The number of studies included is small due to the lack of an F2F comparison group in many of the excluded studies. There was heterogeneity among the study methods regarding CAI intervention type, duration, and assessment procedures, which limits the conclusions that can be drawn about CAI.

However, with only 2 studies available for the meta-regression, the analysis was not adequately powered to determine whether a \<2% increase in knowledge score for every additional hour of CAI allowed is likely to be reproduced in other studies. Validity of the tools used to assess learner outcomes was not specified in all of the papers reviewed. Averns et al^[@bibr9-2382120517720428]^ used a validated OSCE, and the scoring rubric of van Duijin et al^[@bibr33-2382120517720428]^ had not stated the reliability but had been adapted from the evaluation tool of Ford that had superior test-retest reliability.^[@bibr22-2382120517720428]^ The knowledge test of Ford et al^[@bibr22-2382120517720428]^ was only evaluated for face validity. Only medical, dental, and physical therapy professions were included in the sample, and thus, not all health professions are represented. The studies cited were conducted in 4 different countries, where different teaching practices and learning styles may be present. Two studies had attrition rates greater than 50%, which were accounted for in the ROB assessment.^[@bibr9-2382120517720428],[@bibr10-2382120517720428]^ Bains et al^[@bibr10-2382120517720428]^ attributed the high dropout rate to the students being volunteers. However, it was unclear whether or not recruitment or volunteer bias had occurred in the remainder of the studies.

### Implications for practice {#section28-2382120517720428}

The implementation of CAI to teach PE in health professions curricula offers numerous opportunities. However, whether this mode of instruction provides a benefit over F2F appears to depend heavily on educational design and accessibility. Online learning is convenient, flexible and can accommodate both faculty and student schedules. Conceptually, if students access material when it is most convenient, they will be learning when they are most receptive to the material.^[@bibr9-2382120517720428]^ Faculty can record lectures and videos, and revise as needed, at times that are convenient according to their workloads and schedules. Using CAI may also afford educators the opportunity to enhance innovative teaching methods. They can take PE from a traditional textbook and create a video demonstration of the PE for students to watch in class or at home. This may enhance student experiences, course evaluations, and overall job satisfaction. There is a potential cost savings related to resources such as travel, physical space, and faculty time. With growing student numbers on university campuses, scheduling adequate lecture hall space is challenging. This challenge can be minimized with virtual classes. The initial creation of CAI resources could be expensive and time-consuming; however, few studies exist that have evaluated the economics of CAI.^[@bibr41-2382120517720428][@bibr42-2382120517720428][@bibr43-2382120517720428]--[@bibr44-2382120517720428]^

### Implications for research {#section29-2382120517720428}

The findings suggest several implications for future research. Because this review only included 3 health professions, future research should encompass a greater number of health professions for which PE is a competency and include a F2F comparison group. Because teaching PE requires development of knowledge and skill acquisition, studies should assess both outcomes and knowledge and skill retention over time. It is crucial that knowledge and skills are maintained for use in the clinical practice setting. Similarly, use of knowledge and skill assessment in clinical practice rotations would be a valuable area of study. Future research should also pay close attention to differences in educational design of the different modes of delivery.

Conclusions {#section30-2382120517720428}
===========

The evidence from this systematic review does not recommend one mode of instruction over the other. Because the results were inconclusive about the direction and size of the effect, a preference for CAI or F2F instruction cannot be suggested. However, it is reasonable to conclude, based on the evidence, that further research is critical to identify the conditions that appear to favor one mode of instruction versus the other method. Additional research is also needed in all health professions students and trainees comparing PE using CAI in comparison with F2F teaching methods.
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